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Step Voltage Regulator Polymer Position Indicator with 
Non-Linear Drive Mechanism 

TECHNICAL FIELD 
This disclosure relates to position indicators for voltage regulators. 

BACKGROUND 

A position indicator may be used to indicate the position of a tap changer inside a step 
voltage regulator or a transformer. In general, the position indicator is an outdoor device that 
is exposed to environmental conditions such that moisture may get inside the device. The 
exposure to environmental conditions can result in detrimental corrosion, even when 
corrosion resistant coatings or materials are employed. 

SUMMARY 

In one general aspect, a position indicator includes a position indicator display and 
mechanism. A polymer housing houses the position indicator display and mechanism and a 
one-piece clear polymer cover encloses the position indicator display and mechanism in the 
polymer housing. 

Implementations may include one or more of the following features. For example, 
the position indicator may include a hinge and a hand-operated latch that secures the one- 
piece clear polymer cover to the polymer housing such that the one-piece clear polymer 
cover can be opened without the use of tools. The hinge may include a first portion that is 
integrated with the polymer housing and a second portion that is integrated with the one- 
piece clear polymer cover. 

In another general aspect, a position indicator includes an input shaft having an 
angular velocity. A pointer indicates a position of a tap changer having an angular velocity 
and a drive mechanism that is connected to the input shaft and the pointer, where the drive 
mechanism is non-linear such that the angular velocity of the input shaft is not directly 
related to the angular velocity of the pointer. 
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Implementations may include one or more of the following features. For example, 
the drive mechanism may include a Geneva-type mechanism. The resulting motion of the 
pointer may include a dwell. The drive mechanism may include an interchangeable output 
drive component to change the rotation of the pointer relative to the rotation of the input 
5 shaft. The drive mechanism may include an output drive component and the pointer may be 
integrated with the output drive component. The drive mechanism may include an output 
drive component and the position indicator may further include a maximum position pointer 
actuator that is integrated with the output drive component. The drive mechanism may 
include an output drive component and the position indicator may include a limit switch 

10 triggering cam that is integrated with the output drive component. 

In another general aspect, a position indicator may include a main position indicating 
assembly and a modular maximum position indicating subassembly that is secured to the 
main position indicating assembly with a hand-operable fastener. 

Implementations may include one or more of the following features. For example, 

15 the hand-operable fastener may include a thumbscrew. The modular maximum position 
indicating subassembly may include a polymer base. The position indicator may further 
include a drive mechanism having a concentric circular gap, where the modular maximum 
position indicating subassembly fits inside the concentric circular gap in the drive 
mechanism. The modular maximum position indicating subassembly may be configured to 

20 be secured to the main position indicating assembly without tools. The modular maximum 
position indicating subassembly may include a solenoid that is capable of receiving a quick 
connecting electrical connector. 

In another general aspect, a position indicator may include a housing, a limit switch, 
and a one-piece limit switch adjuster that holds the limit switch and further includes 

25 integrated functionality to constrain the one-piece limit switch adjuster in the housing 
without fasteners. 

Implementations may include one or more of the following features. For example, 
the one-piece limit switch adjuster may include a molded polymer part. The position 
indicator may further include a retaining ring, and the one-piece limit switch adjuster may 
30 include an integrated tab that mates with a notch on the retaining ring to hold the one-piece 
limit switch adjuster in place in the housing. The housing may include a channel and the 
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one-piece limit switch adjuster slides in the channel in the housing. The one-piece limit 
switch adjuster may slide in the channel in the housing without a bearing or a hinge. The 
one-piece limit switch adjuster may include a rocker-type snap switch. 

The above-described general aspect and implementations provide improvements and 
5 advantages over conventional position indicators that typically included multiple piece 
covers with rigid metal frames and a clear polymer window. In conventional position 
indicators, the covers may include multiple attachment points and a hinge, and may require 
lengthy assembly times and long opening and closing times for the end user when performing 
maintenance or repairs to the position indicator. In addition, the limit switch adjusters in 

10 conventional position indicators typically use many low- function components to position and 
adjust limit switches, resulting in a high assembly time and greater manufacturing costs. 
Conventional position indicators also may use a series of external mechanisms in order to 
maintain the position of the limit switch once it has been tripped. 

In conventional position indicators, the drive systems between the tap changer of the 

15 step voltage regulator and the position indicator frequently included flexible shafts, loose 

mechanical joints, and/or other features that caused lost motion, which resulted in inaccurate 
position display and inaccurate activation of limit switches. The maximum position indicator 
and reset subsystem on a position indicator could malfunction prior to the main position 
indicating system. Some users prefer to replace the subsystem rather than the entire position 

20 indicator device, which involves disturbing the other components or functions of the position 
indicator. 

Other features will be apparent from the description and drawings, and from the 

claims. 



DESCRIPTION OF DRAWINGS 

25 FIG 1 is a diagram of a polymer position indicator with a non- linear drive 

mechanism. 

FIG. 2 is a diagram of the polymer position indicator of FIG 1 in an open position. 
FIG 3 is an exploded view diagram of the polymer position indicator of FIG 1. 
FIGS. 4a and 4b are diagrams of sprockets from the non-linear drive mechanism of 
30 the polymer position indicator of FIG 1 . 
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FIGS, 5-7 are diagrams of a Geneva wheel of the non-linear drive mechanism of the 
polymer position indicator of FIG 1. 

FIG 8 is a diagram of a maximum position indicating subassembly of the polymer 
position indicator of FIG 1. 

FIG 9 is an exploded view diagram of the maximum position indicator subassembly 
of FIG 8. 

FIG. 10 is a diagram of a limit switch adjuster for the polymer position indicator of 

FIG 1. 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

A load tap changer or step voltage regulator may be used to control voltage variations 
due to load changes, and may be used, for example, on distribution circuits rated from 2,400 
volts (60 kV BIL) through 34,500 volts (200 kV BIL) for either 50 or 60 Hz systems. A load 
tap changer is a device that employs a secondary circuit voltage detector to actuate a 
mechanical linkage to selectively engage different taps of a tapped section of a winding, in 
response to voltage variations, in order to control the output voltage of a transformer or 
voltage regulator while under load. The tap changer may be used to control the voltage of a 
singe-phase voltage regulator or a three-phase transformer. 

One common load tap selector is a rotary load tap changer. The rotary tap changer 
actuates a rotary tap arm coupled to a stationary selector dial such that the rotary tap arm 
conductively and mechanically engages stationary contacts, which are in turn conductively 
connected to the windings taps. The rotary tap arm is driven between the stationary contacts 
in response to load variations. The load tap changer may vary the relationship between the 
input and output voltage of an electrical control device by, for example, ±10% from a 
nominal value. For example, the load tap changer may include sixteen taps, each of which 
adjusts the relationship by 5/8%, such that the total possible adjustment may be up to 10% 
(that is 16 x 5/8%). A polarity or reversing switch permits this adjustment to be positive or 
negative such that the step voltage may regulate voltage steps from "10% raise" to "10% 
lower." 
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Referring to FIG 1, position indicator 105 may be connected to a step voltage 
regulator to indicate the position of the tap changer inside the step voltage regulator. The 
position indicator 105 uses weather-resistant polymer materials that are not susceptible to 
corrosion like conventional position indicators. Position indicator 105 includes a cover 110 
5 that is a single piece of molded polymer. A hinge 1 1 5 and a quick-release spring latch 1 1 8 
seal the cover 1 10 to the position indicator housing 120. A compliant gasket 200 (FIG 2) is 
captured between the cover 110 and housing 120 to form a seal. The quick-release spring 
latch 118 enables the user to access the inside of the position indicator 105 using only one 
hand and without the use of tools. The quick-release spring latch 118 provides advantages 

10 over conventional position indicators that require the use of tools to open and secure a cover 
on the position indicator housing. In such indicators, multiple access points are used to 
secure the cover to the position indicator housing such that tools are required to open the 
cover of the conventional position indicator to access its internal mechanisms when, for 
example, maintenance or repairs need to be performed. 

15 Referring to FIG 2, the cover 110 of position indicator 105 can be opened in order to 

access the components protected from the environment by the cover 110. The cover 110 
swings about hinge 115 that is held together by a cylindrical pin 217. After the quick-release 
latch 1 1 8 has been opened, the cover 1 1 0 can be swung away from the housing 120. The 
cover 110 and housing 120 each have integrated hinges 215a and 215b. The cover hinge 

20 215a and the housing hinge 2 1 5b mate such that the cylindrical pin 217 can be positioned to 
join the two parts, causing the housing 120 and cover 110 to rotate relative to each other on 
the axis defined by the pin 217. The quick-release latch 118 is mounted to the housing 120 in 
a position diametrically opposed to the hinge 215b. The latch 118 connects to an integrated 
connector in the cover 1 10 to position the cover 1 1 0 flush against the housing 120 when the 

25 latch 1 1 8 is closed. The latch 1 1 8 is operated by hand without the use of tools. A compliant 
gasket 200 that is positioned within a groove 220 in a housing 120 interfaces with a 
circumferential lip 225 of the cover 110 to provide a seal between the cover and the housing. 

Opening position indicator 105 exposes the faceplate 230 on which the tap position is 
indicated. The faceplate 230 doubles as a retaining ring for some of the internal components 

30 of the position indicator 105. The middle of this ring is empty, so the faceplate 230 is not a 
solid disk as in conventional position indicators. The faceplate 230 is labeled with numbers 
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and hash marks corresponding to the possible tap changer positions. The markings are 
disposed about an arc on the outer edge of the faceplate 230. The markings range from "16 
lower" to "N," or "neutral," to "16 raise." There are 33 steps on this scale, indicating the 33 
possible positions that the tap changer may occupy. 
5 The present position of the tap changer is indicated on the dial by the main pointer 

23 1 , which is currently pointing to approximately "N". A modular maximum position 
indicator subassembly 270 includes two auxiliary pointers 232a and 232b that indicate the 
maximum position that has been achieved in both the raise and lower directions. Pointer 
232a indicates that the maximum position that has been achieved in the lower direction is "4 

10 lower," while pointer 232b indicates that the maximum position achieved in the raise 

direction is "4 raise." The two tabs 233a and 233b toward the bottom of the faceplate 230 
indicate the set points of the internal limit switch adjusters (not shown) that prevent the tap 
changer from moving past the intended limits. In this example, the lower limit tab 233a is set 
to "16 lower" and the upper limit tab 233b is set to "16 raise" such that the full range of 

15 operation is permitted. The subassembly 270 is held in place by thumbscrew 272. 

The position indicator 105 is typically used outdoors where it may be exposed to 
environmental conditions. Position indicator 105 provides advantages over conventional 
position indicators in that it is less susceptible to corrosion that results from moisture and 
other environmental elements. 

20 Referring to FIG. 3, position indicator 105 includes modular and hand-operable parts 

that facilitate maintenance without requiring the use of tools to gain access to the position 
indicator components. As previously noted, position indicator 105 includes a single piece 
polymer cover 110 that is connected to the position indicator housing 120 using a cylindrical 
pin 217 inserted through hinge 215. The cover 110 and housing 120 enclose the mechanism 

25 of the position indicator 105. A quick-release spring latch 1 18 is used to secure and the cover 
1 10 to the housing 120 and can be operated by hand. Faceplate 230 has markings to indicate 
the position of the tap changer, and it serves as a retaining ring for some of the internal 
components of the position indicator 105. Faceplate 230 is held to the housing 120 with one 
or more fasteners (e.g., screws 335). Limit switch adjusters 340 include a rocker-type limit 

30 switch 341 and a single piece polymer part 343 with features to hold the limit switch 341 in 
place and allow it to move without a hinge or bearing. There are two symmetrical, but 



6 



Attorney Docket No.: 08215-549001 
Client Ref. No.: P06-026886 

distinct, limit switch adjusters 340, one of which is for the raise side and the other of which is 
for the lower side. 

There are two concentric pieces in the space on the inside of the faceplate 230. The 
first of these is the Geneva wheel 360, which, with sprocket 365, forms the non-linear drive 
5 mechanism that compensates for motion lost in the drive system from the tap changer to the 
position indicator 105. The main pointer 23 1 is mounted on the Geneva wheel 360 such that 
the main pointer 23 1 moves as the Geneva wheel 360 turns. The Geneva wheel 360 is held 
on a fixed rotational axis by the faceplate 230, which mounts to the housing. The space on 
the inside of the Geneva wheel 360 is occupied by the modular maximum position indicator 
10 subassembly 270. The subassembly 270 is held in place by thumbscrew 272 that can be 
tightened and loosened by hand without the use of any tools. The subassembly 270 allows 
for the contained mechanism to be repaired or replaced without disturbing any other 
components or functions of the position indicator 105. 

An input shaft 380 connects the position indicator 105 to a rotating mechanism at the 
15 tap changer within the step voltage regulator. This design allows for operation and 
maintenance of the position indicator 105 by hand and without the use of tools. 

Referring to FIGS. 4a and 5, Geneva wheel 360 interacts with a sprocket 365 to drive 
the main pointer to indicate the position of the tap changer. Pins 466 of the sprocket 365 fit 
into slots 561 that are distributed uniformly on the back side of Geneva wheel 360. Sprocket 
20 365 connects to the input shaft 380 of FIG 3 that originates at the tap changer within the step 
voltage regulator. The input shaft 380 is connected to a rotational drive from the tap changer 
on the external side of the housing 120 of FIG. 3. The input shaft 380 extends through the 
back of the position indicator housing 120 and attaches to the polymer sprocket 365 inside 
the position indicator housing 120. The rotational drive at the tap changer causes the input 
25 shaft 380 to turn, which, in turn, causes the sprocket 365 to turn. 

Cylindrical pins 466 which, extend from one face of sprocket 365 and have a circular 
cross-section, fit into slots 561 on polymer Geneva wheel 360. The pins 466 are 
diametrically opposed to one another. As the sprocket 365 turns, the pins 466 move in and 
out of the slots 561 on the Geneva wheel 360, causing it to turn. Using two pins 466 instead 
30 of just one, as is used by the mechanism on the tap changer, causes the Geneva wheel 360 to 
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index one position with every 180 degrees of rotation of the sprocket 365 rather than with 
every 360 degrees of rotation of the sprocket 365. 

The slots 561 on the Geneva wheel 360 are positioned every nine degrees such that 
every half revolution of the sprocket 365 results in nine degrees of rotation of the Geneva 
wheel 360. Referring back to FIG 2, the markings on the faceplate 230 are disposed about 
an arc at nine-degree increments such that the main pointer 231 is aligned to consecutive 
characters as the input shaft is rotated 180 degrees by the tap changer between each tap 
position. 

There exists a point of instantaneous dwell of the Geneva wheel 360 when both 
sprocket pins 466 are symmetrically positioned in adjacent slots 561. At this point, one pin 
466 is moving straight up and out of a slot 561, while the other pin 466 is moving straight 
down and into a slot 561. In other words, the motion of either pin 466 is moving in a 
direction that is directed toward or away from the center of Geneva wheel 360; no part of the 
motion is perpendicular to the slot 561. This will not cause the Geneva wheel 360 to rotate, 
so there is an instantaneous point of dwell of the Geneva wheel 360. Using two pins 466 
rather than just one pin 466 results in only an instantaneous dwell rather than a dwell that 
consists of 180 degrees or more of the rotation of a single-pinned sprocket 365 when the pin 
is not traveling in the slots. 

The relationship of the sprocket pins 466 and the Geneva wheel slots 561 is such that 
there is an indirect relationship between the angular velocity of the sprocket 365 and the 
resulting angular velocity of the Geneva wheel 360. This type of mechanism produces a non- 
linear relationship between the rotation of the input shaft 380 and the pointer 23 1 . The 
resulting pointer motion is advantageous because it compensates for lost motion in the 
system between the tap changer and the position indicator so that the position indicator 
display is more accurate and the limit switches (e.g., limit switches 341 of FIG 3) are tripped 
more reliably. 

The Geneva drive system also has fewer moving components than the geartrain drives 
used in conventional position indicators. In the Geneva drive system there are only three 
moving parts: input shaft 380, sprocket 365, and Geneva wheel 360. 
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The Geneva wheel 360 also includes a limit switch cam 562 that is molded into the 
same side of the Geneva wheel 360 as the slot pattern. The limit switch cam 562 trips the 
limit switches (e.g., limit switches 341 of FIG 3) as the Geneva wheel 360 moves past them. 
Referring to FIG 4b, another exemplary implementation of sprocket 365 is illustrated. 
5 In this implementation, the pins 467 have a non-circular cross-sectional shape. The pins 467 
include three curved sides with rounded corners. This type of pin shape further augments the 
non-linear relationship between the rotation of the input shaft 380 and the pointer 321. For 
instance, a sprocket with pins 467 is capable of developing a dwell of approximately 35 
degrees, and yet still completes the same range of motion as the circular cross-section pins 

10 466. In other implementations, other types of pin shapes are possible. 

Referring to FIG 6, the direction of rotation of Geneva wheel 360 relative to the 
rotation of the input shaft 380 and sprocket 365 is dependent on the design of the Geneva 
wheel slots 561. When the axis of the sprocket 365 is further from the Geneva wheel 360 
axis than the slot pattern 561, as the inverse Geneva mechanism illustrates in FIG 6, the 

15 sprocket 365 and Geneva wheel 360 rotate in opposite directions. On the other hand, when 
the axis of the sprocket 365 is located closer to the Geneva wheel 360 axis than the slot 
pattern 561, as illustrated in FIG 5, the sprocket 365 and Geneva wheel 360 rotate in the 
same direction. This is typically referred to as an inverse Geneva mechanism. Both cases 
may be desirable depending on the rotation provided by the tap changer and the input shaft, 

20 and either case can be accomplished in the position indicator 105. This is not done by 

moving the position of the sprocket 365 relative to the Geneva wheel 360. Rather it is done 
by moving the position of the slots 561 on the Geneva wheel 360. As a result, only one part 
needs to be modified to reverse the direction of rotation of the input shaft and the pointer as 
opposed to conventional mechanisms, where multiple components need to be modified to 

25 reverse the direction of rotation of the input shaft. 

Referring to FIG 7, the Geneva wheel 360 turns to indicate the tap changer position. 
Main pointer 231 is integrated into the front of Geneva wheel 360. As the Geneva wheel 360 
turns, the main pointer 231 points to the current tap changer position. The maximum 
position pointer actuator 763 is also molded onto the front side of the Geneva wheel 360. As 

30 the main pointer 23 1 moves past one of the maximum position pointers (e.g., maximum 
position pointers 232a and 232b of FIG 2), the maximum position pointer actuator 763 
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pushes the maximum position pointers 232a and 232b of FIG 2 to point to the new maximum 
value. Integrating the main pointer 231 and the maximum position pointer actuator 763 as 
part of the Geneva wheel 360 results in an overall reduction in the number of components in 
position indicator. In contrast, the main pointer in conventional position indicators typically 
is attached at the back of the faceplate by attaching to a shaft that passes through the 
faceplate to the drive mechanism. 

Referring to FIG 8, modular maximum position indicator and reset subsystem 270 
can be removed and reassembled after opening the position indicator cover 110 without 
disturbing any other components or functions of the position indicator 105. The modular 
maximum position indicating subassembly 270 includes a polymer base 871 that fits inside a 
concentric, circular gap on the Geneva wheel 360. The base 871 attaches to the position 
indicator housing 120. Through the base 871 are mounted an inner and an outer shaft, each 
with a maximum position pointer 232a and 232b attached on the display side of the base 871. 
The pointers 232a and 232b are engaged by the maximum position pointer actuator 763 on 
the Geneva wheel 360 as it turns. The subassembly 270 is then positioned within the Geneva 
wheel 360 inside the housing 120, and a thumbscrew 272 that attaches the subassembly 270 
to the housing 120 is tightened by hand to complete the assembly process. 

In conventional position indicators, these assemblies may use mostly brass and zinc- 
coated steel components. 

Referring to FIG 9, maximum position indicator subassembly 270 includes the 
features to hold and release the maximum position pointers 232a and 232b at the appropriate 
time. A thumbscrew 272 is inserted through the face of the base 871 of the maximum 
position indicator subassembly 270 to hold the subassembly 270 to the position indicator 
housing 120. The maximum position pointer reset mechanism 950 that is connected to the 
inner and outer shafts on the internal side of the base 871 holds the pointers 232a and 232b in 
place until triggered to release. The maximum position pointer reset mechanism 950 
includes inner shaft 944a, outer shaft 944b, ratcheting gears 951a and 951b, and a clock-type 
torsion spring 953. A solenoid 974 is mounted to the base 971 by a bracket 975 to allow the 
pointers 232a and 232b to return by releasing a spring-loaded latch 976 when the solenoid 
974 is energized. Electricity is supplied to the solenoid 974 by wires running through the 
position indicator 105. The wire connections 979 to the solenoid are quick connecting, slide- 
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type connectors that do not require any tools for connection. The combination of the hand- 
operated latch (e.g., hand-operated latch 118 of FIGS. 1 and 2) on the position indicator 
cover (e.g., position indicator cover 110 of FIGS. 1 and 2), electrical quick connectors 979, 
and attachment using the thumbscrew 272 allows for the module to be assembled and 
replaced by hand without any tools. 

FIG 10 illustrates one of the two limit switch adjusters 340. One of the limit switch 
adjusters is set to the maximum tap changer position for the raise position and the other is set 
to the maximum tap changer position for the lower position. The one-piece limit switch 
adjuster 340 includes integrated features that allow the limit switch 341 to snap into place 
without fasteners. The limit switch adjuster 340 includes a polymer part 343 with integral 
features for multiple functions. Snap features 1048 are incorporated in the geometry of each 
adjuster to locate and clamp a limit switch 341. Each adjuster 340 is arch- shaped to fit 
within the geometry of the position indicator housing (e.g., position indicator housing 120 of 
FIG 2). A flange 1047 at the inner radius of the adjuster fixes it in the radial direction by 
mating to a channel formed in the housing 120. The flange 1047 on the limit switch adjuster 
340 and the corresponding channel on the housing 120 allow the adjuster to rotate on the 
same axis as the Geneva wheel (e.g., Geneva wheel 360 of FIG 3) and the retaining 
ring/faceplate (e.g., retaining ring/faceplate 230 of FIGS. 2 and 3) without a bearing or a 
hinge. 

Each limit switch adjuster 340 is constrained in the axial direction by the base of the 
maximum position subassembly 270 against the flange 1047 on the inner radius and a fixed 
tab 1045 that contacts the retaining ring/faceplate 230 on the outer radius. A flexible tab 
1045 on each adjuster mates to a series of slots at predetermined positions on the retaining 
ring/faceplate 230. The slots are arranged along the inner diameter of the faceplate 230 and 
correspond to the positions of the tap changer. The flexible tab 1045 on the adjuster can be 
pushed away from the slot to slide the limit switch adjuster 340 to another position. The limit 
switch adjuster 340 is prevented from rotating when the flexible tab 1045 is mated with any 
of the slots on the retaining ring/faceplate 230. 

Referring back to FIG. 5, a cam 562 that protrudes from the slotted side of the 
Geneva wheel 360 toggles the limit switch 341 as the Geneva wheel 360 turns to align the 
main pointer 231 to the position for which the limit switch adjuster 340 is set. The limit 
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switch 341 is a rocker-type electrical switch that toggles to maintain the position of 
operation. The limit switch 341 also has features that allow it to snap into place on polymer 
part 343 of the limit adjuster. 

The features described above provide advantages over conventional position indicator 
5 designs. For instance, in conventional position indicators, multiple components may be 

attached to the back of the faceplate. For example, the limit switch adjuster may be mounted 
to the back of the faceplate and may include "snap-action" switches that are triggered by a 
lever. A toggle cam may be used to contact the switch lever and maintain the limit switch in 
the tripped position, even if the activating arm moves past the position at which the limit 

10 switch is set to trip. In other conventional position indicators, some of the internal 

mechanisms may be mounted inside the position indicator housing rather than on the back of 
the faceplate, but their function is the same. Furthermore, in both types of conventional 
position indicators, the entire faceplate must be removed to make any repairs to the 
maximum position and reset mechanism. 

15 Additionally, conventional position indicators may use spur gears to reduce the 

rotation of the input shaft from the tap changer to achieve the proper angular rotation of the 
main pointer, which produces a linear relationship in the angular motion between the input 
shaft 880 and the main pointer. Based on the direction of rotation of the input shaft, the 
direction of rotation of the spur gears and the main pointer may need to be reversed in order 

20 to properly indicate the position of the tap changer. In this conventional design, the number 
of gears in the drive system must be altered to change the relative direction of rotation. 

Other exemplary conventional position indicators may use a worm gear and pinion 
gear that are mounted to the back of the position indicator faceplate to reduce the rotation of 
the input shaft from the voltage regulator to drive the main pointer. Similar to a spur gear, a 

25 worm gear and a pinion gear also result in a linear relationship between the rotation of the 

input shaft and the rotation of the main pointer. The worm gear also changes the direction of 
the rotation of the input shaft in cases where the input shaft does not enter the position 
indicator housing straight through the back but rather though one of the sides. Based on the 
direction of rotation of the input shaft, the direction of rotation of the worm gears, the pinion 

30 gear, and the main pointer may need to be reversed. To do this, the direction of the worm 
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gear thread and the helix angle for the pinion gear must be altered to change the relative 
direction of rotation. 

A number of implementations have been described. Nevertheless, it will be 
understood that various modifications may be made. Accordingly, other implementations are 
5 within the scope of the following claims. 
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